A simplified method for the determination of forchlorfenuron in agricultural products by HPLC with UV detection was investigated. A chopped sample homogenate from agricultural products was extracted with acetone. The extract was filtrated and concentrated. The residues was loaded onto a Chem Elut column and extracted with ethyl acetate. The crude extract was purified on Oasis HLB and Bond Elut PSA mini-columns using a mixture of methanol and ethyl acetate. Forchlorfenuron was analyzed by HPLC with UV detection (263 nm). HPLC separation was performed on an ODS column with methanolῌwater as the mobile phase. Recoveries of forchlorfenuron from several agricultural products fortified at the level of 0.1 mg/g were in the range of 87.6ῌ99.5῍. The limit of detection (S/Nῌ3) was 0.005 mg/g in the sample.
Introduction
Forchlorfenuron (1-(2-chloro-1-pyridyl)-3-phenylurea) is a phenylurea plant growth regulator with the structure shown in Fig. 1 . It is used for increasing the productivity and quality of cultivated fruit by enlarging grapes, kiwi fruits, and pears, and as a fruitbearingagent for gourds, such as melon, water melon, and pumpkin 1) . Forchlorfenuron is a commonly used agricultural chemical, and about 2.5 t of it is shipped yearly in Japan 2) .
In the Japanese standards of forchlorfenuron, the provisional MRL for apples, etc. is set at 0.1 mg/g, and the uniform limit for other foods is set at 0.01 mg/g.
Although simultaneous analytical methods of residual agricultural chemicals in foods using simple pretreatment by LC/MS and LC/MS/MS have recently been reported 3)ῌ7) , low recoveries of some chemicals because of di$culty in elution from solid phases have been reported 5), 7) . Forchlorfenuron is strongly adsorbed by graphite carbon columns, which are widely used, due to its planar structure containing 2 aromatic rings. Elution from these columns is di$cult, decreasing the recovery.
Although an analytical method of forchlorfenuron that does not use graphite carbon has also been reported, 8), 9) it is still di$cult to analyze residues in various agricultural products.
We established an analytical method of forchlorfenuron, without using graphite carbon, with high accuracy and reproducibility by means of UV detection, which is cheaper than LC/MS and LC/MS/ MS, and is widely available.
Experimental

Chemicals and materials
Forchlorfenuron was purchased from Kanto Chemical (Tokyo, Japan) and methanol (HPLC grade) was obtained from Nacalai Tesque, Inc. (Kyoto, Japan). Acetone, acetonitrile, ethyl acetate, and n-hexane (pesticideanalysis grade) were purchased from Kanto Chemical. Celite 545 was purchased from Wako Pure Chemical Industries (Osaka, Japan).
The solid-phase materials used were: Oasis HLB (500 mg) purchased from Waters, Co. (MA, USA); Bond Elut PSA (500 mg) and Chem Elut (20 mL) purchased from Varian, Inc. (CA, USA).
Samples
Food samples were brown rice, soy bean, cabbage, green pepper, Japanese radish, onion, potato, pumpkin, spinach, apple, grape, kiwi fruit, melon, orange, pear, and peach, obtained at a local market in Tokyo.
Sample preparation
Chopped samples (20 g) were homogenized with 100 mL of acetone using a blender for 5 min. In the case of grain, 20 mL of water was added to 20 g of powdered grain, and the mixture was left to stand for 30 min before blending. The extract was filtered through a 5 mm layer of Celite 545 on filter paper No. 5A (Miriam Grass Works, Ltd., Tokyo) into a flask. The extract was concentrated to below 20 mL at 40῎.
Five g of NaCl was added to the residue, and dissolved in an ultrasonic bath. The residue was transferred to a Chem Elut column, which was left to stand for 5 min, and then eluted with 200 mL of ethyl acetate.
Ethyl acetate eluates were evaporated to dryness under reduced pressure at below 40῎. The residue of oil-containing samples was dissolved in 25 mL of nhexane and extracted twice with 30 mL of acetonitrile saturated with n-hexane. The acetonitrile layers were collected, and evaporated to dryness under reduced pressure at below 40῎. The residue was dissolved in 5῏ ethyl acetate in n-hexane.
Mini-column clean-up
HLB and PSA mini-columns were pre-rinsed with 10 mL of 10῏ methanolῌethyl acetate and then 10 mL of 5῏ ethyl acetate in n-hexane. After applying 0.5 mL of the sample solution on the HLB mini-column, rinsing was done with 20 mL of 1῏ methanolῌethyl acetate. A PSA mini-column was connected under the HLB, and 5 mL of 5῏ methanol-ethyl acetate was infused for rinsing, followed by elution with 15 mL of 5῏ ethanolῌ ethyl acetate. The HLB mini-column was detached, and 8 mL of 10῏ methanolῌethyl acetate was applied to the PSA mini-column for elution. Both elutes were mixed and evaporated to dryness. The residue was dissolved in methanol to 0.5 mL.
Instruments and conditions HPLC method with UV detection
The LC system was composed of a Shimadzu LC-10 ATVP pump (Shimadzu Corporation, Kyoto), a Shimadzu DGU-14A vacuum degasser, a Shimadzu SPD-6A UV detector, a Shimadzu CTO-6A column oven, and a JASCO AS-950 auto sampler (Jasco Corporation, Tokyo).
Forchlorfenuron was chromatographed on a 250 mm ῍4.6 mm i.d. octadecyl silica gel column (Inertsil ODS-2, GL Sciences Inc., Tokyo) utilizing a linear gradient mobile phase of water and methanol at a flow rate of 0.8 mL/min. The methanol concentration was as follows: 60῏ for 0.1 min, then 60ῌ100῏ over 0.1ῌ30 min. The analytical column was maintained at 40῎. The elutes were detected at 263 nm. The sample injection volume was 10 mL. The chromatogram of standard forchlorfenuron is shown in Fig. 2 .
HPLC method with MS detection
LC conditons were the same as those for LC UV, except that the flow rate was 0.2 mL.
MS conditions
A VG Platform mass spectrometer (Micromass Ltd., Manchester, UK) equipped with an ESI negative mode was employed for confirmation of forchlorfenuron. The operating parameters were as follows: HV lens 0.00 kV; skimmer lens #es 5 V. The source temperature was 120῎, and the cone voltage was set to 20 V.
Results and Discussion
Extraction
Acetone, in which forchlorfenuron is highly soluble, was used for extraction from samples 1) . As the solvent for elution of the residue from the Chem Elut cartridge, we investigated diethyl ether, ethyl acetate, and mixtures of them with n-hexane. Among the solvents tested, the highest recovery (99῏) was obtained using ethyl acetate. Thus, ethyl acetate was selected as the elution solvent for forchlorfenuron.
For the defatting procedure, liquidῌliquid partition using acetonitrile (saturated with n-hexane) and nhexane῍ 1 and the Extrelut/C 18 method using the Extrelut 3 cartridge and Sep-Pak C 18 10) were compared, and the recoveries were 92῏ and 85῏, respectively. The acetonitrile partition method provided a higher recovery with a higher degree of purification, and was selected for defatting.
Purification
The purification method was investigated using 15 types of mini-columns (Sep-pak Florisil, Silica, C 18 , NH 2 , CN, Diol, Bond Elut ACCUCAT, DEA, PSA, PRS, SAX, SCX, Oasis HLB, MAX, and MCX). For ease and speed of treatment, we used these mini-columns in adsorption mode with pure-phase solvent. The compound was eluted from 6 mini-columns (Sep-pak Florisil, Silica, C 18 , NH 2 , CN, and Diol) with mixtures of n-hexane with acetone and ethyl acetate, but not from the other columns. Elution from the other columns was investigated with more polar solvents, such as acetone, methanol, and acetonitrile. From Bond Elut PSA, DEA, SAX, Oasis MAX and HLB, forchlorfenuron was eluted with acetone, methanol, and acetonitrile. For the minicolumns from which the compound was eluted with acetone, methanol, and acetonitrile, the elution conditions were investigated using mixtures of these with ethyl acetate and diethyl ether. The elution recoveries from the mini-columns are shown in Table 1 . Forchlorfenuron was added to sample solutions of various agricultural products, and purified using the mini-columns. n-Hexane mixtures with acetone and ethyl acetate were used for Sep-pak Florisil, Silica, CN and Diol, and ethyl acetate or diethyl ether mixed with acetone, methanol, or acetonitrile was used for Bond Elut PSA, DEA and Oasis HLB.
Since the purification e#ect was insu$cient when the columns were used alone, they were combined. The combination of HLB and PSA using methanolῌethyl acetate mixture e$ciently removed interfering components in the samples, and the recovery of forchlorfenuron was high. The results with agricultural produce sample solution are shown in Table 2 . Removal of ionic pigments and fatty acids by HLB and PSA facilitated measurement, and there was almost no influence of sample-derived interference peaks on chromatograms. The HPLC chromatogram of pumpkin processed with this purification method is shown in Fig.  3 . When forchlorfenuron is detected, it should be confirmed using LC/MS.
The mass spectrum of forchlorfenuron standard is shown in Fig. 4. 
Recovery test from agricultural products
A spike and recovery test was performed using 16 samples, which had been confirmed to contain no forchlorfenuron. Two mg of forchlorfenuron was added to 20 g of each sample and kept for 30 minutes, then subjected to the test. The mean recoveries of 5 experiments are shown in Table 3 . When forchlorfenuron was added so as to adjust the concentration in samples to 0.1 mg/g, the recovery was in the range of 87.6ῌ99.5῍, and the R.S.D. was within 7.0῍. The S/N ratio was 3 or higher in all products, and the detection limit was 0.005 mg/gῌ It was su$ciently measurable with the uniform limit concentration. 
